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OF ADDITIONAL SOIL LAYER DURING COMPACTION
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TOM TAT

Trong qua trinh dam thuic té cia may lu rung ludn c6 mdt lugng dat b sung dich chuyén
Ién trong qua trinh d@m. Bai bdo trinh bay mé hinh déng luc hoc mdy lu rung trong qua
trinh lam viéc c6 xét dén lugng dat dich chuyén bd sung nay. M hinh dong luc hoc cd xét
dén hé s6 do dan hoi cia hé thdng treo khung xe co's6, nén dat dam va I6p dat dich chuyén
b sung. Trén ca s& md hinh dong luc hoc, phuang trinh La-gréng loai Il duoc st dung dé
xdy dung hé phuong trinh vi phan mé ta chuyén dong ctia co hé. Két qua bai bao la co s dé
danh gid hiéu qua dam cia méy lu rung ciing nhu dénh gia do 6n dinh va rung ddng trong
qué trinh 1am viéc 1a co s& dé thiét k€, cdi tién hé thong treo trén méy lu rung.

Tir khéa: Dong luc hoc, mdy lu rung, Idp ddt bé sung.

ABSTRACT

In the actual compaction process of the vibrating roller, there is always an additional
amount of soil moving up during the compaction process. This paper presents a dynamic
model of the vibrating roller during operation that takes into account this additional
amount of soil movement. The dynamic model takes into account the coefficient of
elasticity of the suspension system of the base frame, the compacted soil and the additional
displacement layer. Based on the dynamic model, the Lagrange equation of the second kind
is used to build a system of differential equations describing the motion of the mechanical
system. The results of the paper are the basis for evaluating the compaction efficiency of
the vibrating roller as well as evaluating the stability and vibration during operation, which
is the basis for designing and improving the suspension system on the vibrating roller.
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1. GIGI THIEU

May lu lIa mot trong nhém may thi cong
chinh phuc vu cho c6ng tac lam dudng, day la
mot trong nhiing loai mdy xay dung quan trong
nhat trong céng tac lam nén dudng bdi nd
quyét dinh truc ti€p tai chat lugng va tudi tho
cla dudng. Nghién cu déng luc hoc may lu la
van dé phuic tap va c6 y nghia thuc tién cao. ba
c6 nhiéu cong trinh nghién ctu dong luc hoc
may lu néi chung va may lu rung néi riéng.

Trong [1, 2], cac tac gid da nghién cliu doéng
luc hoc mdy lu rung tuy nhién cdc mé hinh
nghién ctu chua day du; cong trinh nghién ctu
[1] mo hinh déng luc hoc xét tuong tac cla ca
trong rung va banh sau dén nén dat, trong [2]
mo hinh nghién clu xét tuong tac gitta tréng
rung va nén dat tuy nhién khong xét dén dao
ddng khung may cla xe cd s& cling nhu khéng
xét dén I6p dat bé sung dich chuyén Ién trong
qua trinh dam. Trong [3-7], m6 hinh déng luc
hoc da nghién ctu dén dao déng clia phan
khung may xe co s& tuy nhién khéng xét dét
I6p dat b6 sung dich chuyén trong qua trinh
dam. Nghién ctu [8] tién hanh mo6 phéng su
tuong tac va dich chuyén gita cac I6p dat khi
thay déi tan s rung va xem xét nén dat la céc
phan tu rdi rac. Trong cong trinh [9] da nghién
clu dong luc hoc may lu rung co xét dén tuong
tdc gitta nén dam va trong rung nhung déi
tugng dam la hén hop nhua dudng ma khéng
phai la nén dat va déi tugng nghién ctru la may
lu d@am tinh ba banh.
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Nhu vay, hién nay chua c6 cong trinh nghién ctu nao
xét mo hinh déng luc hoc c6 ké dén su dich chuyén cla
|6p dat bé sung, do dé cadc mé hinh nghién ciu trude do
chua hoan toan day du so véi qua trinh lam viéc thuc té.
Trong bai bdo nay, cac tac gid xay dung mo hinh déng luc
hoc dua trén két cdu clha may lu rung KOMATSU
JV100WA-2, co hé bao gém khung may xe co s&, trong
rung, nén dat dam va I6p dat b6 sung dich chuyén. Mo
hinh dong luc hoc c6 xét dén hé s6 d6 dan hoi ctia hé
théng treo khung xe co s&, nén dat va I6p dat dich chuyén
b6 sung. Trén co s& mé hinh khao sét, cac tac gid duara
két qua bién dé chuyén vi, van t8c chuyén vi, gia téc
chuyén vi clia cac khau.

2. MO HINH MAY LU RUNG XET DEN LUONG PAT BO
SUNG TRONG QUA TRINH PAM

Cac gia thiét khi xay dung mé hinh:

Mé hinh dugc xay dung dua trén viéc quy doi cac tac
dong qua lai ctia khung may xe co s&, trong rung, nén dat
va Iép dat bd sung thanh cac khéi lugng, cac 16 xo va bd
gidm chan duoc lién két véi nhau. Cac gia thiét dé xay
dung mo hinh dé don gian trong qua trinh tinh toan,
doéng thoi dua trén két cau that clia may lu rung Komatsu
JV100WA-2 (hinh 1).

3 I ter
= F T

Hinh 1. Méy lu rung KOMATSU JV100WA-2

Cac gia thiét khi xay dung mé hinh déng luc hoc:

- Xem xét cac chuyén dong clia may trong qua trinh
lam viéc theo phuang thdng ding, bé qua dao dong theo
phuong ngang.

- Khéi lugng nén dat chiu tac dung truc ti€p clta tréng
rung, ky hiéu m.

- D6 cling ctia khung may géan véi trong rung dugc quy
déi vé mét 16 xo co hé s6 dan hoi, ky hiéu k.

- Cac g6i cao su giam chan lién két gilta trong rung va
khung may xe co s& dugc quy déi vé mét gidm chan co
hé s6 can nhét, ky hiéu c..

100 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi

- Nén dat dam mo ta bién dang déo - bién dang dan
hoi théng qua dd nén chat cda nén dat va dugc quy déi
thanh hé thong 3 16 xo bao gém hai 16 xo k, va mét 16 xo
kor - @6 bién dang déo clia nén dat va ke - d6 bién dang
dan héi ctia nén dat.

- D6 clng va gidm chan cla khéi lugng dat bé sung
dugc quy déi thanh mét 1o xo dan hoi va mét gidm chan,
ky hiéu 1an luot 1a kps va Cos.

- Luc gay rung F, dugc dugc dat & tam my.

- Can cu vao su gia tang bién dang déo (d6 nén chat)
cla dat khi chiu tac dung clia tréng rung, gay ra luc lam
dich chuyén dat dé chuyén héa nang lugng. Dung mé
hinh 16 xo thay thé luc tac dung c6 thé biéu dién dugc su
dich chuyén ctia dat theo cac bién dang déo va dan hoi.

Céc thong sé trén mé hinh:

Z.s: dich chuyén ctia khung may xe ca sG, m; Zy: dich
chuyén cla tréng rung va nén dat, m; Zys: dich chuyén cda
I6p dat bé sung, m; me: khéi lugng khung may clia xe co
sG dat trén tang trong, kg; my: khéi lugng cuia tréng rung
(kg) dugc gay rung bdi luc rung F; mn: khéi lugng nén dat
dam, kg; mys: khéi luong I6p dat bé sung dé kiém soat
chuyén déng clia nén dat trong qua trinh ndy Ién cla
trong rung, kg; ke: hé s6 dé cling ctia 16 xo lién két khung
may xe cd sG va trong rung, N/m; cc: hé s6 can nhét cla
gidm chan lién két khung may va tréng rung, Ns/m; ke: hé
sO bién dang dan hoi cGia nén dat, N/m; Ky, koi: hé s6 bién
dang déo clia nén dat, N/m; kps: hé s6 d6 cing clia 16 xo
cla I6p dat bé sung, N/m; cus: hé s6 can nhét cho I6p dat
b6 sung, Ns/m.

Toaddsuyréng: q=[q] =[Z,, Z, Z,]'

Mé hinh déng luc hoc may lu rung dugc thé hién nhu
trén hinh 2.

Hinh 2. M@ hinh dong luc hoc may lu rung c6 xét dén I6p dét bG sung trong
qua trinh dam
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Dac tinh dong luc hoc clia may lu rung dugc thé hién
trén hé bén phuong trinh vi phan dugc thiét 1ap dua trén
phuong phap Lagrange loai Il v&i phuong trinh cé dang:

dfT ) or o1, o0

dt\oq ) daq o

Poéng nang cia co hé:

—=Q (i=1+3 (M
& Q )

Bao gom ddng nang clia khung may xe co s6 (Tc),
doéng nang cla tréng rung va nén dat dam (Tyn) va dong
nang |&p dat bé sung dich chuyén (Tys).

T:Tcs +Ttr+n +Tb5 (2)

- Bong nang khung mdy xe co s& dugc xac dinh
theo coéng thuc:

T -'m# 3)

cs s Cs
2

- Pong nang tréng rung va nén dat dam dugc xac
dinh theo cong thuc:

T

tr+n

= %(mtr + mn )Zfr (4)

- Bong nang I6p dat dich chuyén dugc xac dinh theo
cong thuc:

b: bs “bs

1
T.=—m, 2 5
<75 (5)
- Béng nang ca hé dugc xac dinh theo céng thuc:

¢ ces

1 . 1 . 1 .
T:Em 72 +5(mtr +m,)z;, +Embsz§S (6)

Thé nang cha co hé:

Bao gém thé nang trong trudng va thé nang dan héi
cla xe €0 s@, tréng rung va nén dat; lugng dat nay lén.

H - Hcs + 1_ItH—n +Hbs (7)

- Thé nang clia xe ca sG dugc xac dinh theo cong thic:
1
Hcs :Ekcs (ch —Zy, )2 —M,9Z, (8)

- Thé nang cua tréng rung va nén dat dugc xac dinh
theo cong thic:

1 1
Htr+n = Ektdztzr +Ekcs (Ztr - ch )2

9)
1
+ Ekbs (Ztr —Z )2 - (mtr + m, )gztr

V6i kg dugc xac dinh theo cong thic:
1 1 1

— =+ —=k _M

= , (10)
ktd k + keI k N I(pl + keI + kpl

pl pl
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- Thé nang cla lugng dat bé sung dich chuyén Ién
dugc xac dinh theo cong thuc:

1 2
Hbs :Ekbs (st _Ztr> —My 92, (11)
- Thé nang ca hé dugc xac dinh theo cong thuc:

2

1 2 1 1
H :Ekcs (ch _st) +Ektdzfr +Ekcs (Ztr _ch)

1 1

+_kbs(ztr _st )2 +_kbs (st _Ztr )2 (’I 2)
2 2

_[mbszbs +(mtr +mn )Ztr +mcszcs]g

Ham hao tan ctia cohé dugc xac dinh theo céng thic:

1 1
(I):ECCS (ch 7Ztr)2 +Ecbs (Ztr 7st)2 (13)

Xac dinh lyc suy réng: Q=[Q, Q, Q,]' =[0F I

Xac dinh luc gay rung F.. Cau tao khai léch tam dugc
thé hién trén hinh 3.

Hinh 3. Cau tao khéi [éch tam

Theo [8], luc rung dugc xac dinh theo cong thuc:

F =m,ewsin(wt) (14)
Véi:
+ w =2nf vdiflatan sé rung:
N
f=— (15)
60

Trong d6: n la t6c d6 vong quay cla tréng rung
(vong/phut);
+ my la khoi lugng cdia khéi léch tam;
+ e la ban kinh 1&ch tam cutia khéi léch tam va dugc xac
dinh theo céng thuc:
4R} —R})
e—=
3n(R} +R; —2r° |

(16)

Thé cac biéu thuc dong nang, thé nang, ham hao tan
va lyc suy réng vao phuang trinh (1), hé phuong trinh vi
phan mo ta dong luc hoc qua trinh lam viéc clla may lu
rung nhu sau:
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-c.z, +k.z —k.z

s Ttr cs

mZ +cC.z

s s Cs mCSg = O (1 7)

tr

(mtr + mn )Ztr - Ccsch + (ccs + Cbs )Ztr - Cbszbs - kcszcs

18
+(ktd+kbs+kcs)Ztr_kszbs_(mtr+mn)g_Fr :0 ( )

MyZis —CoxZiy T CosZes —KisZy —KisZs =M, 9=0  (19)

3. KET QUA

B6 théng s6 dau vao [10]: me =

1376(kg);

My = 4750(kg); M, = 700(kg); Mps = 70(kg); kes = 5,4.106 (N/m);
Kos = 1,46.10°% (N/m); Ccs=10480 (Ns/m); cps= 3440 (Ns/m);
ko1 = 49,3.108 (N/m); k'p1= 75,8.105(N/m); kei= 87.105(N/m);
R:1=10,111(m); R;=0,075(m); r = 0,003(m). Trong pham vi
bai bao nay tac gia khao séat cac théng s6 déng luc hoc
trong hai tan s6 rung la ny = 1800 vong/phut; n, = 1200
vong/phut. Gidi hé phuong trinh vi phan bang phan mém
Matlab ta thu dugc két qua trén hinh (4) - (6) nhu sau:

D6 thidich chuyén cac khau: Ban dau khi ca hé chuyén

tur trang théi tinh sang trang thai dong chuyén vi cac khau
chua theo mét quy luat nhat dinh; sau d6 dudi tac dung
gidm chan cta hé théng treo va nén dat cac do dich
chuyén cac khau 6n dinh dan sau khoang 1(s). Sau 1(s) tai
n: = 1800 vong/phut chuyén vi ctia khung may xe ca s,
tréng rung va nén dat, 16p dat bé sung lan luct 1a 4,5
(mm); 3 (mm); 6 (mm); tai n, = 1200 vong/phut chuyén vi
cta khung may xe co s@, tréng rung va nén dat, I16p dat
b6 sung lan lugt 1a 4 (mm); 2,5 (mm); 3 (mm). Nhu vay, néu
tan s6 rung cang cao thi hiéu qua dam cang I6n.

Chuyén vi khung may (m)

2

Chuyén vi trbng va nén(m)

Tap chi Khoa hoc va Cong nghé Trueng Dai hoc Cong nghiép Ha Noi

Chuyén vi khung may
T

T
| - - “n1=1800vip|
8l —n2=1200v/p.

5 102 Db thj chuyén vj nén tréng rung va nén
- - n1=1800v/p
\ ——n2=1200v/p
: —
4 “,::
b
b oo
3| o on v g 4 . ‘s
1 A oo A EETEE ’ SRR
e Pada Anun AR S AL RAL RN R
ol O R I T T O T I T U I T S T T T
2(fb il oo i A A At A AR AR R e A AN A
| 1 b |
HATRE e T R e
o [} o L EE LU 0t L e o b b N
RURIET u
' h i h Al
e AT S R R R R R R R M A R R L U TR
of u it A A R A AR R R R R R R R RN RS
u . ' ¢
‘
Al %
"
"
. ‘ i ‘ i ;
0 0.2 04 06 08 1 12 14 16 18

2

£

2

Chuyén vi I6p dat bo sung (m)

Van téc khung may (m/s)

6ng rung va nén (m/s)

£

£

Van toc tre

2

Van tbe 16p dat bd sung (m/s)

- %103 Do thj chuyén vj I&p dat bd sung
: :
- - n1=1800vip
- —n2=1200vip
8 j
o "
H "
6- Nt Alg [ U gy
et 0o T A e ey R
R R R S R E R R R
R Y A R R T R R T S R R T LR TR
N T T S R R
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i
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i
i
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Hinh 4. Chuyén vi khung méy co's6 (a), trdng va nén (b) va l6p dét bé sung (c)
D6 thi van téc cac khau:

Van téc dich chuyén khung may
T T T

04
== n1=1800vip)
—n2=1200vip
03+ -
02
041
VAL .":\‘ A ','. ,’|"
0 l 1
\
IR
0.1
0.2
03~ Y
04 . | 1
0 0.2 0.4 06 08 1 12 1.4 16 18 2
t(s)
a)
i D4 thj van téc trdng rung va nén
. - . : .
N - --n1=1800v/p
03l ‘k. ——n2=1200v/p

P i

D ) !
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Hinh 5. Vén toc chuyén vi khung méy co s6 (a), trng va nén (b) va lp dat

b sung (c)
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Qua két qua khao sét ta thay: Ban dau khi co hé chuyén
tur trang thai tinh sang trang thai ddng van toc cac khau
chua theo moét quy luat nhat dinh; sau d6 duéi tac dung
gidm chan cla hé théng treo va nén dat co hé 6n dinh
dan sau khoang 1(s). Sau 1(s) tai n; = 1800 vong/phdt van
téc dich chuyén cdia khung may xe ca s@, tréng rung va
nén dat, I6p dat bé sung lan lugt 12 0,1 (m/s); 0,2 (m/s); 0,6
(m/s); tai n, = 1200 vong/phut chuyén vi ctia khung may
xe co s&, tréng rung va nén dat, I6p dat bé sung lan lugt
la 0,05 (m/s); 0,15 (m/s); 0,3 (m/s). Nhu vay, néu tan sé
rung cang cao thi van téc dich chuyén cac khau cang 16n.

D6 thi gia téc cac khau:

Qua két qua khao sét ta thay: Ban dau khi co hé chuyén
tur trang thai tinh sang trang thai dong gia téc cac khau
chua theo moét quy luat nhat dinh; sau d6 duéi tac dung
gidm chan cla hé théng treo va nén dat c hé 6n dinh
dan sau khoang 1(s). Sau 1(s) tai n; = 1800 vong/phut gia
téc dich chuyén ctia khung may xe cg s, tréng rung va
nén dat, I6p dat bé sung lan lugt 1a 10 (m/s?); 20 (m/s?); 60
(m/s?); tai n2 = 1200 vong/phut chuyén vi ctia khung may
xe €0 sd, tréng rung va nén dat, I6p dat bé sung lan lugt
la 5 (m/s?); 15 (m/s?); 30 (m/s?). Nhu vay, néu tan s6 rung
cang cao thi gia toc cac khau cang Ién. Ngoai ra, gia téc
clia I6p dat b sung 16n hon so véi cac khau khac, diéu
nay la do khéi lugng I16p dat bé sung nhé va chiu tac dong
cda luc dam rung 16n trong thai gian rat ngan.

2 D4 thi gia téc khung may
T T

- - n1=1800v/p|
—n2=1200v/p|

Gia téc khung may (m/s2)
>

thoi gian(s)

a)

D6 thj gia téc chuyén vi tréng va nén
|

Gia téc tréng va nén (m/s2)

'; Wb Wb M
£ (AL
{r? f'f'!‘!“u.n\u?lf-fg

1 L L
0.2 04 0.6 0.8 1 1.2 14 16 18 2
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- D6 thj gia téc chuyén vi I6p dat bd sung
T
- = 'n1=1800v/p
80 - —n2=1200v/p
Fcane
60 -
40

\
20- 11 |
it

(L e
20 LI THEL
-40

-60

Gia t6c 16p Gt bd sung (m/s2)
o

-80

-100

Hinh 6. Gia t6c chuyén vi khung mdy co's6 (a), tréng va nén (b) va I6p dat
b sung (c)

Nhu vay, cac két qua thu dugc trén cac hinh (4)-(6) la
hoan toan phu hgp véi qua trinh lam viéc thuc té.
4. KET LUAN

Nhu vay, trong bai bdo nay tac gid da xay dung dugc
mo hinh déng luc hoc may lu rung c6 xét dén su dich
chuyén cla I6p dat bé sung trong qua trinh dam. Trén co
s& mo hinh dong luc hoc da xay dung, da tién hanh khao
sat do chuyén vi, van téc dich chuyén va gia téc dich
chuyén cla ca khau (khung xe cd s8, tréng rung va nén,
I6p dat bé sung). Bai bao da tién hanh khao sat véi mo
hinh hoan chinh hon so véi cac cong trinh trudc do. Két
qua cuta bai bédo la co s& dé danh gia do 6n dinh, rung
déng ctia may trong qua trinh lam viéc khi xét dén lugng
dat b sung dich chuyén [én. Day la co s& dé cai tién, thiét
ké hé théng treo giup giam thiéu rung dong tac dung Ién
ngudi van hanh trong qua trinh lam viéc.
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